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The Value of Blood Pressure in the Diagno- 
sis and Prognosis of Disease. 



Nearly two hundred years ago an English clergy- 
man, Stephen Hales, fastened a long glass tube 
inside the artery of a horse and made quantitative 
estimates of blood pressure. Although it is now 
apparent that his results, published in 1733, mark 
the most noteworthy contribution to knowledge of 
the circulation after Harvey's classical essay, Hales' 
work attracted in the eighteenth century little more 
than academic attention. It seemed indeed of slight 
practical value and found little favor with either 
clinicians or physiologists. For nearly a century 
the clergyman's clear account of his labors lay for- 
gotten in dusty archives, and the subject of his dis- 
course languished. In 1828, Jean-Leonard-Marie 
Poiseuille, starting with Hales' original blood pressure 
experiment, improved the apparatus by substituting 
for the inconvenient long tube a mercury manometer, 
Poiseuille 's hemodynamometer. To this instrument 
Carl Ludwig, in 1847, added a float which caused 
graphic records to be inscribed on a revolving cylin- 
der. With these two advances the study of blood 
pressure became a definite part of experimental medi- 
cine. Although notable contributions were from 
time to time added to the science by Volkmann, 
Marey, Martin, and many others, it remained for 
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6 THE VALUE OF BLOOD PRESSURE IN THE 

Ritter von Basch of Vienna, in 1876, to perfect an 
instrument at all suitable for clinical purposes. 
Owing, however, to the great difficulty of accurately 
adapting his small round pelotte to the arm in order 
to compress the radial artery, the instrument of von 
Basch and the somewhat improved one of Potain 
failed to acquire wide usage. Finally, in 1896, 
almost simultaneously, Riva-Rocci and Hill, working 
independently, hit upon the one practical device 
needed to bring the sphygmomanometer into every- 
day use. A rubber bag or tube encircling the arm 
and inflated by a bulb or pump took the place of the 
impractical pelotte heretofore employed. Since 1896, 
the apparatus has been perfected and the technique 
simplified; and while changes have been made di- 
rected towards portability, means of obtaining cir- 
cular compression, and source of pressure, there has 
been no change of moment in the principles of 
sphygmomanometry. 

Long before the advent of an instrument of pre- 
cision, however, careful clinicians had for generations 
studied pulse tension and had paid due attention to 
findings elicited by the palpating finger. While the 
quantitative estimation of intra-arterial pressure 
could not be determined by tactile sense alone, alert 
physicians had, nevertheless, always been able to 
draw therefrom conclusions of no little clinical im- 
portance. Yet, however skilful their touch, they 
were constantly beset with uncertainties, finding it, 
for instance, frequently impossible to distinguish by 
palpation alone between a sclerosed artery and a 
plus tension. That such unavoidable sources of 
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DIAGNOSIS AND PROGNOSIS OF DISEASE. 7 

error gave rise to misconceptions and to a false sense 
of security, the sphygmomanometer has grimly dis- 
closed. Yet such was the acumen of past masters 
of the science of medicine that much of the causes 
and nature of blood pressure were long ago pretty 
well understood. The sphygmomanometer has in 
many instances but confirmed empirical facts and 
given them a sound scientific basis. 

The cells of the body are nourished and relieved 
of waste through the walls of the capillaries. For 
the efficient activity of the cells these processes must 
be uninterrupted. It is in order, therefore, to force 
blood in a continuous stream through the capillaries 
that all other functions of the circulatory apparatus 
exist. The chief agent for this purpose is blood 
pressure, the essential factor in sustaining the cir- 
culation and maintaining cardiac activity. Purely 
from the standpoint of physics tension in the blood 
stream is brought about by the energy of the heart, 
by the peripheral resistance against blood flow of 
the constantly narrowing arterial tree, and to a 
minor degree by the volume and viscosity of the 
blood itself. The pressure once established is main- 
tained by the natural elasticity and contractility of 
the arterial walls. If the arteries were rigid, unyield- 
ing tubes, each increment of blood from the heart 
would be required to move all the blood in the whole 
system, while during diastole all flow would cease; 
but, being soft and distensible, the arteries expand 
under pressure to accommodate more fluid, and during 
diastole their elasticity and contractility act to up- 
hold pressure. 
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8 THE VALUE OF BLOOD PRESSURE IN THE 

If this were all there were to it, blood pressure 
would be a comparatively simple phenomenon. The 
immediately disturbing element in the hypothesis 
is that the normal arterial pressure of 1 20 mm . of mer- 
cury is more than is actually needed to drive blood 
through the capillaries. True, the excess pressure is 
utilized to maintain equilibrium when a lowered 
resistance in any part of the stream threatens, by per- 
mitting local plethora, to drain all other regions. The 
extra pressure, however, is not in itself sufficient to 
prevent loss of equilibrium. The real control of ten- 
sion in such contingencies is found to be the nervous 
system, acting through the vasodilator and the 
vasoconstrictor fibers of the sympathetic, and 
through the vasomotor center in the medulla, com- 
bined reflex mechanisms which have for their pur- 
pose the safeguarding of a normal general pressure 
in the face of temporary local remissions of peripheral 
resistance. The laws of physics and the exhibition 
of nerve control offer adequate explanation ably sup- 
ported by experimental evidence, but only in so far 
as they go. There are some aspects of blood pressure 
phenomenon that disdain to fit into this or any other 
theory. Much of the problem still baffles solution. 
The factors involved in the maintenance of blood 
pressure are legion and intimately related, subject 
to normal changes and to wide pathological varia- 
tions, seldom acting independently, most often in 
combination, invariably in a reciprocal or inter- 
dependent fashion that is hard to explain. A dis- 
turbance of one factor may easily destroy the bal- 
ance of all. It is highly probable that in the last 
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DIAGNOSIS AND PROGNOSIS OF DISEASE. 9 

analysis blood pressure is a matter of the internal 
secretions. The complex mechanism of the ductless 
glands is exceedingly sensitive to physical and psy- 
chical stimuli. Quantitative and qualitative varia- 
tions in their output exert profound influences on 
the organism as a whole and in part. It is beyond 
question that one if not more of the internal secre- 
tions has the power to goad blood pressure to instant 
response to the calls of organs and tissues of the body 
for nutrition, though just how it acts is still shrouded 
in impenetrable mystery. 

Accurate measurements of blood pressure can with 
a little practice be made with any of the standard 
sphygmomanometers. They are instruments of pre- 
cision devoid of intrinsic error. One by one the 
criticisms of their accuracy and of the exactness of 
their findings have been refuted. The pressure of 
the blood stream falls so gradually as the distance 
from the heart increases that the brachial pressure 
for all practical purposes equals the aortic. All 
human soft tissue is elastic. The force exerted by 
the expanded cuff is transmitted without loss to the 
artery beneath, irrespective of the amount and firm- 
ness of the intervening tissue. Observations taken 
through the tissues agree very closely with those 
obtained by direct methods. The pressure required 
to flatten the arterial wall even when sclerosed is not 
more than one millimeter of mercury, a wholly 
negligible quantity when compared with alterations 
in pressure within the vessel. With the standard 
twelve centimeter cuff the loss of force expended in 
distending a narrow cuff is effectually prevented. 
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Daily variations of blood pressure in normal indi- 
viduals are transitory and are to be offset by re- 
peated readings. Nor need diurnal fluctuations be 
confusing, for they are comparatively slight and are 
confined to a short division of the scale. 

The phrase blood pressure is employed to indicate 
the amount of tension within the arterial system. 
It has unfortunately come to be a loose term used to 
denote indiscriminately one or all of the four com- 
ponents of general arterial tension. It is, therefore, 
far more exact, as well as instructive, to qualify the 
phrase, whenever one component is meant, with the 
descriptive adjective that will nicely limit its deno- 
tation. Systolic pressure indicates the degree of 
lateral tension in the arterial system at the moment 
of cardiac systole. Diastolic pressure means the 
degree of tension in the arteries just preceding a 
systole when pressure is at its lowest. Pulse pressure 
is the term used to denote the rhythmic variation 
in tension due to the intermittent action of the heart. 
It is equal to the difference between the systolic and 
diastolic pressures. By mean pressure is meant the 
average strain to which the arterial tree is subjected. 
It corresponds closely to the arithmetrical mean of 
the systolic and diastolic pressures. 

Methods of measuring different components of 
general arterial tension may be grouped into four 
classes: palpatory, visual, graphic, and auscultatory. 
All depend fundamentally on the same facts. When 
pressure in the cuff is higher than systolic pressure, 
no blood flows into the forearm. As cuff pressure 
is slowly released a point is reached at which blood 
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is just able to flow by the constricted level of the 
artery. This point marks systolic pressure. As 
cuff pressure continues to fall, larger and larger 
pulses pass down the artery until a point is reached 
at which the pressure in the cuff is just able to com- 
press the artery during diastole. The artery is still 
empty during diastole; pulse amplitude is at its max- 
imum. When cuff pressure is dropped still lower, 
the amplitude of the pulse begins again to diminish ; 
the peripheral portion of the artery is not quite 
empty during diastole. This point marks diastolic 
pressure. 

Of all the methods in vogue for detecting blood 
pressure the auscultatory is the most accurate and 
lucrative. It is free from the disadvantages and 
sources of error inherent in the others, and offers the 
least opportunity for personal error. It strips away 
entirely the disturbing influences of oscillation, 
inertia, and friction of mercury, and of widely vibrat- 
ing aneroid needles; for readings are made not by 
recording pulsations of the heart but by noting actual 
pressure present. The auscultation method was 
introduced by Korotkow, in 1905. The pneumatic 
cuff is placed around the arm in the usual manner; 
pressure in the cuff is raised to a height above sys- 
tolic level; and then, while cuff pressure is slowly 
reduced, the artery at the bend of the elbow is 
auscultated with a small stethoscope. The bell of 
the stethoscope rests over the artery with the least 
possible pressure and lies close to the lower border 
of the cuff. With the first pulse that passes beyond 
the cuff a sharp clicking sound is heard, repeated 
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with each succeeding wave of the pulse. As pressure 
in the cuff continues to fall a sequence of varying 
tones is produced. The sharp tapping is replaced 
by a murmur, which next merges into a return of the 
sharp click, that later changes into a dull tone, which 
next ceases entirely. For convenience of reference 
these changes of tone are designated as phases: first, 
second, third, fourth, and fifth. All observers agree 
that the beginning of the first phase marks systolic 
pressure. The phase, however, that measures dias- 
tolic pressure has, on the other hand, aroused acrid 
divergences of opinion. Korotkow himself took the 
beginning of the fifth phase, at which all sounds dis- 
appear, to mark diastolic pressure. While his con- 
clusion has been accepted by a majority of writers, 
more recent study and especially more careful com- 
parison with results obtained from other instruments 
of precision have established the fact that diastolic 
pressure is more truly measured by the fourth phase. 
The theoretical explanation that the fourth phase 
marks diastolic pressure is rather simple. As cuff 
pressure falls to systolic level the first pulses go by. 
They find the artery beyond the cuff empty and, dis- 
tending it suddenly, produce the loud, sharp snapping 
sounds. As cuff pressure continues to fall, a point 
is reached where just enough blood passes by to 
form intermittent whirls in the arterial stream, pro- 
ducing thereby a succession of murmurs, which, 
usually loud enough to drown the sharp sound, 
announce the second phase. When falling cuff pres- 
sure reaches a level below which whirls are no longer 
produced, clear tapping sounds reappear, the third 



>vGoog[e 



DIAGNOSIS AND PROGNOSIS OF DISEASE. 13 

phase. Beyond the cuff the artery is still empty 
during diastole; its sudden expansion by spurts of 
blood during systole causes the clear sound. Some- 
what later a level is reached at which, instead of a 
succession of spurts, a steady stream of blood begins 
to flow beneath the cuff. This continuous flow 
acting as a buffer so muffles the sharp sound of the 
third phase that a dull thud is produced, the fourth 
phase. As it is obvious that just as soon as the 
artery contains blood between beats diastolic level 
has been reached, the fourth phase must really indi- 
cate diastolic pressure. 

By means of auscultation, then, there has been 
developed an easily available method which enables 
any physician to gain by measurement essentially 
accurate information concerning pressure in the 
arteries. Through a proper interpretation of read- 
ings conclusions of distinct diagnostic and prognostic 
significance can be deduced. There is, however, no 
more impious practice, no surer way of discrediting 
the good in sphygmomanometry, than to attempt to 
pass judgment on readings from one observation of 
pressure. A single measurement slightly above or 
below normal boundaries may be easily occasioned 
by some accidental or peculiar incident. Such a 
reading should not be taken too seriously, nor should 
it ever be assigned an important role in diagnosis 
until its persistence has been demonstrated on at 
least two occasions. Neither should one expect to 
find the same readings in any case at all times. 
Normal variations are always possible, may occur 
in a very short space of time, and should not con- 
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demn the instrument showing such variations as 
inaccurate. To obtain records of any value it is 
absolutely essential that several examinations be 
made under different conditions as to time, environ- 
ment, emotion, exercise, diet, and possibly medica- 
tion. It is perhaps well at this point to direct atten- 
tion to the fact that the conditions found in the 
arteries immediately beneath the compression bag 
are not necessarily nor invariably those to be found 
in any or all other parts of the vascular system. 
Still, the condition of the vessels beneath the arm 
band is, as a rule, and especially in the young and 
middle-aged, a fairly reliable index as to the state 
of the vessels in general. Nor is it at all warrantable 
to draw too definite conclusions from pressure read- 
ings alone. The sphygmomanometer detects neither 
organic disease nor functional disorder, but at the most 
merely unearths a pathological sign of undetermined 
significance. The true portend of abnormal tension 
can only be surmised until it is properly correlated 
with other equally, if not more, important findings. 
Properly correlated, however, sphygmomanometric 
determinations are rich and filled with brilliant pos- 
sibilities that tend to materialize with further study. 
Each component of arterial tension, systolic, dias- 
tolic, and pulse pressure, by itself measures a definite 
circulatory factor. Just what each measures, and es- 
pecially the limitations of each, are a sine qua non for 
a rational appreciation of their specific and relative 
values. Of all the readings the systolic is most often 
taken, though it is the least important. While it 
measures the maximum strain imposed upon the 
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arterial tree, it is the most unstable reading; for even 
in normal persons it is most responsive to transitory 
physical and psychical influences. It may easily 
give a wrong impression because it tells too much. 
It is the final result, the sum total of all the fac- 
tors operating to make blood pressure. In other 
words, it is the power of the left ventricle, plus the 
resistance offered by the vessel walls, plus the influ- 
ence of the vasomotor system on circulatory control. 
For a standard of comparison a systolic pressure of 
120 millimeters of mercury in a man of twenty has 
been established as normal. A rising systolic pres- 
sure is apparently one of the natural concomitants 
of growing old. A good working rule of tolerable 
accuracy for determining normal systolic pressure 
at any age is to add, for each year of life over twenty, 
one half a millimeter to 120. The assertion that 160 
must be considered the normal upper limit for any 
age is seriously threatened if not already deposed in 
favor of a lower figure. In women systolic pressure 
averages about 10 mm. lower than in men. The time 
of day offers many unexplainable variations, some- 
times of striking amounts, such as a gradual step- 
ladder rise in the twenty-four hours. Systolic pres- 
sure rises normally immediately after eating, reaches 
its maximum in about an hour, and then gradually 
falls until the next meal. Muscular development, 
physical exercise, mental worry, and excitement of 
any nature, are factors that temporarily raise sys- 
tolic level; whereas fatigue, rest, sleep, and a supine 
posture lower it. Tobacco causes a temporary rise 
but offers the apparent paradox that inveterate use 
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of the weed causes a fall. But these diurnal fluctua- 
tions of systolic pressure in normal individuals under 
diverse states of active existence are transitory, and 
are to be offset by repeated readings. Normal varia- 
tions, moreover, are comparatively slight, while truly 
significant departures from normal limits are wide. 

Diastolic pressure, on the other hand, is of the 
greatest importance, not only as a valuable aid in 
diagnosis, but also as a prophetic index in forming 
a prognosis. Yet it has been sadly neglected, though 
the neglect is to a degree pardonable, because there 
was, previous to Korotkow's publication, no depend- 
able way to measure it. Since the almost universal 
use of the auscultatory method, however, diastolic 
pressure has attained its rightful high seat of value. 
It is much more stable than systolic, and such varia- 
tions as it .shows are confined to a comparatively 
narrow scale. Normal diastolic pressure is generally 
placed at 80 mm. and a sustained reading of 105 mm. 
is regarded as the upper physiological limit. In 
normal individuals it varies directly with the sys- 
tolic and from the same causes, but to a less extent. 
Any deviation from this proper relationship spells 
disorder and, other things being equal, the greater 
the disparity the more portentous the omen. As 
diastolic pressure measures the constant tension 
between systoles, it is the best index of peripheral 
resistance, increase or decrease of which is promptly 
registered by a diastolic reading. 

Pulse pressure is so immediately important that 
life itself depends on it. As systolic approaches 
diastolic pressure, pulse pressure of necessity grows 
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less and less; when they become the same so that 
pulse pressure is zero death ensues. A negative pulse 
pressure is inconsistent with life. Pulse pressure 
measures the energy of the heart in systole in excess 
of diastole. It equals the rhythmic burden imposed 
on the arteries by the heart's energy in systole in 
order to overcome resistance, force blood toward the 
periphery, and maintain the circulation. It records 
the excess of dynamic over potential energy, and is 
that part of cardiac energy which produces the 
rhythmic distension of the arteries known as the 
pulse. It is an effect, not a cause. Its range indi- 
cates before other physical signs any variation in the 
state of the circulation. A rapidly falling pulse 
pressure, or one of from 15 to 20 mm., means actual 
circulatory embarrassment. As pulse pressure is 
really nothing more nor less than a measure of the 
reserve force of the heart, it is an indispensable and 
most reliable guide in prognosis. Determined as it 
is by the difference between two fluctuating com- 
ponents, it is from its very nature liable to the wildest 
variations. It is unusual, therefore, to set a definite 
figure, as is the practice with systolic and diastolic 
readings, to denote normal pulse pressure, but rather 
to indicate the normal as 50% of the diastolic or 
35% of the systolic. Within very small limits, 
theoretical as well as experimental, pulse pressure 
multiplied by pulse rate per minute roughly equals 
the velocity of the blood stream. Likewise with the 
same limitation's a diminution of pulse pressure 
denotes lessened velocity, but the reverse is not true. 
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Mean pressure measures roughly the average strain 
on the vessels and has no particular value other than 
as a means to record the general condition of the 
patient for future reference. 

Certain deductions from the foregoing have stood 
alike the test of time and clinical application. When 
systolic pressure is normal, a decreased diastolic, 
which means a plus pulse pressure, signifies lessened 
peripheral resistance, or, in other words, peripheral 
vessel dilatation. With a normal systolic pressure, 
an increased diastolic, which postulates a decreased 
pulse pressure, usually means stagnation of blood 
in the vessels and cardiac failure. When systolic 
pressure is high, increased pulse pressure is to be 
regarded as normal and has no special significance. 
Low diastolic pressure and a plus pulse pressure 
occurs in practically only one condition, aortic in- 
sufficiency. With a low systolic pressure, a rising 
diastolic, which compels a falling pulse pressure, 
usually points to general cardiac weakness. A de- 
creased pulse pressure with a plus systolic means 
peripheral contraction and is an unfavorable sign. 
It is apparent, therefore, that systolic and pulse 
pressure readings are myocardial values, while dias- 
tolic readings measure peripheral resistance. 

To some degree the character of the tones marking 
the auscultatory phases yield valuable information 
regarding the circulation. In general, strong, clear 
sounds over the artery are as indicative of circulatory 
well-being as are similar sounds at the apex of the 
heart. The opposite is true of muffled, irregular 
sounds. Variations in sequence readings are in- 



>vGoog[e 



DIAGNOSIS AND PROGNOSIS OF DISEASE. 19 

terpreted by assuming that each phase has a physio- 
logical factor as well as an anatomical unit in its 
production. The first phase serves principally as 
an index as to how far pressure must fall before the 
blood current can be sustained past the obstruction 
in the vessel caused by the cuff, at a sufficient veloc- 
ity and for a sufficient duration to produce the mur- 
mur of the second phase. Hence the information it 
affords is of negative rather than of positive value. 
In other words, its normal duration is of no value, 
but an increase or decrease in duration is important. 
The second, or murmur phase, seems to be espe- 
cially dependent upon cardiac effectiveness; for it is 
in this phase alone that the individual sounds possess 
a distinct element of duration, and this protracted 
energy, for so it must be regarded, evidently comes 
from the heart. The third phase depends not alone 
on cardiac efficiency, but also on the character of the 
vessel wall. The more sclerotic the vessel and the 
greater the cardiac hypertrophy, the more favorable 
are conditions for the production of a clear third 
tone. The second and third phases when generously 
present signify circulatory strength. A strong or 
prolonged third phase denotes a strongly acting 
heart, provided it is remembered that a sclerosed 
artery has a tendency to cause a sharp sound during 
the third phase even when the heart is weak. Con- 
versely, a weak third sound indicates a weak heart 
which may be so weak that there is no third sound. 
Entire absence of the third sound, therefore, is a 
most serious sign of cardiac weakness; its return 
indicates improvement. The fourth phase, or the 
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dull tone, may be produced by a resilient vessel 
receiving a normal pulse shock, or by a rigid vessel 
receiving a weak shock. A long drawn-out fourth 
phase is significant, almost pathognomonic, of aortic 
insufficiency. 

It is only a step further in deduction to compare 
the sum of the second and third phases with the sum 
of the first and fourth phases, in order to determine 
whether the element of force or that of weakness is 
predominating. Consider, for example, a normal 
individual of forty whose systolic pressure is 130, 
diastolic 85, and pulse pressure 45. The first phase 
embraces a distance on the measuring scale from 130 
to 116, an excursion of 14 mm.; the second phase, 
from 116 to 96, an excursion of 20; the third, from 
96 to 91, or 5; and the fourth, from 91 to 85, or 6 mm. 
The first phase would then occupy 31.1% of the total 
reading; the second, 44.4%; the third, 11.1%; and 
the fourth, 13.3%. The second and third phases 
are measures of cardiac strength (CS) and the first 
and fourth phases indicate cardiac weakness (CW). 
Obviously CS should be greater than CW. In the 
example given above this is true: CS :CW=55.5%: 
44.4%. In weak, especially uncompensated, hearts 
the readings are reversed. The first and fourth 
phases are found to be lengthened at the expense of 
the second and third. Then CS is found by calcu- 
lation to be less than CW, as would be expected. 
Furthermore as the heart improves, the comparative 
length of the phases is again altered until CS becomes 
greater than CW. 
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The second phase appears to be the one which is 
with most difficulty sustained. Often the internal 
variations, to be spoken of later, within the element 
of heart strength, precede the shortening of this 
element as a whole. The fourth phase, as weakness 
gains the ascendency, is usually the first to lengthen 
the element of cardiac weakness by its encroachment 
on the third phase. Encroachment of the first phase 
on the second, however, soon adds its share to the 
total of weakness. 

By internal variations are meant changes occurring 
in the phase itself, not as regards length, but per- 
taining to the relation of each individual sound to 
die others. The most prominent of such variations 
is tonal arrhythmia, which means that to the ear there 
is alternation in the intensity of individual sounds — 
arrhythmia of tone. This form of arrhythmia is evi- 
dence of variation in the force of individual cardiac 
contractions, and marks any departure from the 
normal before it can be discovered by palpation of 
the pulse or by auscultation of the heart. Tonal 
arrhythmias most frequently make their appearance 
towards the upper end of the sequence. They are 
first noted either as a failure of the first phase to be 
established permanently after the first click reaches 
the ear, or by a poor differentiation between the first 
and second phases wherein clicks and murmurs may 
alternate for a few heart-beats. Internal variations 
make their appearance in the third phase as cardiac 
weakness progresses, and are shown by alternating 
dull and sharp tones or by sounds of different in- 
tensity. With improvement tonal arrhythmia and 
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lack of differentiation between phases gradually dis- 
appear, commencing in the region of the third and 
fourth phases and finally disappearing in the upper 
half of the sequence reading. 

Aside from the value of a persistent fourth phase 
in aortic insufficiency, little of diagnostic importance 
has been developed in regard merely to the length 
of any individual phase. Comparative sequence 
readings, therefore, have functional rather than 
organic significance. A marked disparity in con- 
secutive sequence readings, a persistent lack of 
uniformity in consecutive systolic and diastolic pres- 
sure estimations, especially when both are associated 
with internal variations as shown by tonal arrhythmia 
and poor differentiation, point strongly to a cardiac 
neurosis when a decompensated cardiac lesion can 
be excluded. It is, however, as a prophetic index 
in prognosis that sequence readings and tonal arrhyth- 
mias possess significant values. In the not infre- 
quently stormy course of cardiac decompensation, 
for example, their study offers a very efficient and 
perhaps the earliest means of detecting subtle changes 
for better or for worse. Confirmation of past find- 
ings and further labor along these lines, however, is 
absolutely imperative. Sequence readings have in 
anemia an appearance of strength that belies the 
extremely weak and relaxed condition of the patients. 
This must be ascribed not to any intrinsic cardiac effi- 
ciency, but rather to the anemic condition. It is 
likely, therefore, that in other disorders sequence read- 
ings may likewise be misleading, because other fac- 
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tors of auscultatory phases that more faithfully pic- 
ture the true state of affairs are as yet undiscovered. 

While any such reduction of the circulation to 
mathematical expressions may be of distinct aca- 
demic and experimental value, the difficulty of, and 
the margin of error in, observation are so great that 
the clinical value of the calculations is questionable. 
Such objections are, however, not necessarily valid 
in a more simple example. Pulse pressure is figured 
as 50% of the diastolic and is defined as representing 
the load of the heart. Fifty may then be arbitrarily 
fixed as the normal cardiac load. In other words 
pulse pressure (PP) divided by diastolic pressure 
(DP) equals cardiac load, and the excess of that load 
over fifty determines the overload. For example, 
an individual with a systolic pressure of 200 and a 
diastolic of 110 has a pulse pressure of 90. According 
to the formula PP:DP=90 l :lt0_ or_81, the load of 
the heart, an overload of 31. Overload may exist 
for years, but when it exceeds 50 there is impending 
danger of cardiac failure. To cite another example 
where figures are permissible, some notion of the 
systolic output of the heart can under favorable con- 
ditions be obtained by dividing pulse pressure by 
mean pressure. Likewise, the product of pulse pres- 
sure by pulse rate often gives a tolerably accurate 
idea of the absolute work done by the heart. 

The behavior of blood pressure under the influence 
of exercise was early recognized as an invaluable 
guide, not only to the ability of the circulation to 
withstand exertion, but also to the general efficiency 
of the cardio-vascular system. It was quickly dis- 
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covered that the circulation may fully meet the re- 
quired standards set by blood pressure tests so long 
as the individual is at rest, but that such a vascular 
system may, nevertheless, without obvious symptoms 
be constantly laboring perilously close to its limit of 
safety. Sphygmomanometry at once supplied a 
most efficient means of detecting the margin of 
safety in any individual. Routine blood pressure 
examinations of college athletes have not improbably 
prevented many serious disasters. That strong, 
muscular men used to exercise have relatively high 
tension is by no means invariably true. On the con- 
trary, many athletes have circulations that go along 
easily and quietly with tow blood pressure, and these 
make the best type of athletes. As a rule, however, 
muscular exertion increases tension suddenly along 
with the pulse rate. The degree of rise in both is 
less marked during athletic training and in those 
accustomed to exertion. Normally the pressure and 
rate are soon adjusted to new levels which are main- 
tained and upon which additional exertion has no 
effect until fatigue supervenes, when pressure falls 
and rate rises. When exercise is stopped short of 
fatigue, however, pulse rate falls, but tension nor- 
mally remains elevated for some time, to be followed 
by a decline which eventually reaches a level lower 
than that preceding the exertion. If this subnormal 
stage lasts not over an hour, the subject is in normal 
■ condition; if more than two hours, the margin of 
safety is exceeded. If, also, pulse rate rises during 
the subnormal stage of pressure, it denotes a weak 
heart. In normal men exercise causes a rise of both 
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systolic and diastolic pressures, though the former 
shows the relatively higher rise. In other words, 
exercise raises pulse pressure. If, however, systolic 
and diastolic pressures rise together so that pulse 
pressure remains stationary, or in extreme cases 
falls, the cardio-vascular system is defective. From 
all this Graupmer has evolved a fairly reliable test 
of cardiac reserve. If with measured exertion blood 
pressure fails to rise, or worse, gradually falls to a 
lower level than before the experiment, there is 
definite derangement of the cardio-vascular system. 
This test is, however, not devoid of danger and 
should always be omitted when systolic pressure is 
200 or more, because of the dire liability of ocular 
or cerebral hemorrhage, and acute cardiac dilatation. 
If, then, it is carefully borne in mind just what each 
component reading of blood pressure measures, just 
what each tone signifies, and, most of all, just what 
the limitations of the science are, sphygmomanometry 
possesses considerable diagnostic and prognostic 
value. It must also be remembered that normal 
readings do not by any means necessarily exclude 
disorders usually accompanied by, or causing, patho- 
logical variations of pressure. The danger has been, 
and still persists in no small degree, to worship blood 
pressure as a fetish, and to ascribe to it values it 
does not embrace. Medical literature abounds in 
conflicting opinions. Only the fundamental and 
elementary facts of sphygmomanometry are really 
secure from successful assault. Warnings against 
the too fancy and far-fetched conclusions of sincere 
but over-zealous enthusiasts are voiced daily. The 
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pendulum has begun its downward swing from an 
untenable height. Sphygmomanometry is seeking; 
and being pushed to, its proper level. Retreat from 
the advanced positions formerly held and retrench- 
ment in safer and saner ground is steadily going on. 
High systolic pressure, for example, is no longer 
always viewed with alarm as invariably pathological, 
but rather is not infrequently looked upon with 
equanimity as potentially physiological, even sal- 
utary, and as such to be safeguarded sedulously 
from rash meddling. 

Perhaps in no other class of disorders has dis- 
appointment in sphygmomanometry been keener 
than in heart disease. Blood pressure has miserably 
failed to be the invaluable diagnostic and prognostic 
aid that was expected in valvular heart lesions. 
Tension varies with the fluctuations in the course 
of valvular disease, early becoming irregular with a 
persistence that baffles correlation. Mild or well 
compensated valvular defects do not, per se, influence 
blood pressure. The rule of the heart seems to be 
normal pressure or no circulation. However ineffec- 
tive the work of the heart pump, in no case of ordin- 
ary heart disease is blood pressure below normal; the 
compensating mechanism is wonderful. Where ten- 
sion is high in leaky hearts there is a preponderance 
of aortic disease, but a defective aortic valve does 
not account for all the plus tension, which seems 
somehow essential for equilibrium. Further aug- 
mentation of tension generally means not progressive 
impairment but arteriosclerosis or nephritis. With 
an impaired left ventricle from any cause a further 
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rise of systolic pressure presages an attack of pul- 
monary edema. Persistence of the fourth aus- 
cultatory phase, even down to zero cuff pressure, 
is not pathognomonic of aortic regurgitation, for the 
same discrepancy is found in other conditions. Only 
in a rare valvular lesion is systolic pressure low with 
any degree of Uniformity, mitral stenosis, and then 
from mechanical difficulties rather than from dis- 
ordered function. The narrow orifice simply reduces 
the amount of blood going through the heart, which, 
therefore, pumps only a fraction of the normal vol- 
ume. There remain but two factors worthy of men- 
tion. In the differential diagnosis of asthmatic 
attacks it is well to remember that cardiac asthma 
is characterized by a low systolic pressure. If in 
the course of the Schott treatment for heart disease 
tension does not rise in the carbonated baths, they 
will likely prove injurious. 

In thoracic aneurysm, likewise, blood pressure has 
but few points of diagnostic value. Only when the 
difference in systolic pressure in the two arms 
amounts to 30 mm. is the difference generally signifi- 
cant or specifically indicative of aneurysm. As 
between aneurysm and mediastinal tumor, however, 
a difference in the two arms of 20 mm. favors aneur- 
ysm. Simple dilatation of the arch of the aorta has 
a higher systolic pressure than has aneurysm. 

As a measure of myocardial efficiency and as an 
early indicator of myocarditis, however, blood pres- 
sure study has by no means been wholly disappoint- 
ing. This is extremely fortunate, gratifying, and 
comforting, for the myocardium controls the circu- 
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tation and any method of measuring its reserve 
power is valuable. A plus systolic pressure ante- 
dates any other positive physical finding of myo- 
carditis; for every case of high systolic reading is 
potentially a case of myocardial disease, a cardiac 
invalid living too close to his margin of cardiac 
reserve. Sooner or later in such cases pulse pressure, 
owing to a stationary or only slightly elevated dias- 
tolic reading, begins to mount, a sure indication of 
compensatory attempt on the part of the heart to 
adjust itself to new conditions. When pulse pres- 
sure tends to equal or surmount diastolic pressure, 
myocardial efficiency is unmistakably impaired, 
though such a portentous reading may precede for 
months actual circulatory failure. Positive insuffi- 
ciency of the myocardium may intrude as high ten- 
sion stasis with a rising systolic pressure while pulse 
pressure is unaltered or raised; or, as ventricular 
dilatation with falling systolic and pulse pressures. 
The latter course, when seen for the first time with 
its relatively high diastolic reading, would predicate 
that systolic pressure had at some previous time been 
higher. The sequence readings in myocarditis may 
show no phases, or only one phase may be lacking, 
usually the second or third. With these ausculta- 
tory changes tonal arrhythmias are almost constant, 
easily detected, and direly significant. Symptoms 
of myocarditis, however, not infrequently unroll 
years before a fatal termination; but a systolic tension 
of 200 rarely allows myocardial efficiency to extend 
over two years. In a similar prognostic vein, over- 
load of the heart may exist for years, but when the 
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overload exceeds 50 there is real danger of myo- 
cardial exhaustion at any time of slight overexertion. 
It is, of course, possible to approach all acute dis- 
eases from the standpoint of blood pressure. All 
patients presenting themselves for diagnosis or 
demanding a prognosis can be examined first for 
tension and the readings made a point of departure. 
This, as a matter of fact, is never done and very 
likely never will be. Sphygmomanometry is un- 
worthy of the distinction. It is at most but an aid, 
and to endow it with primary importance would be 
merely the insane flight of an unbalanced enthusiast. 
When all is said and done, blood pressure studies, 
with a few notable exceptions, have added directly 
very little to the diagnosis and prognosis of acute 
diseases. Inasmuch, however, as sphygmomanom- 
etry yields valuable information regarding the cardio- 
vascular system, and inasmuch as the outcome of 
many acute infections depends on how well or how 
ill the circulation is able to withstand the strain, 
blood pressure studies have indirectly, by recording 
the behavior of the vascular system, added no little 
quota of distinctly worth-while information. To 
possess absolute worth, however, readings should 
be checked up with readings for each individual in 
health. That, as is usually the case, there is no 
previous sphygmomanometric record does not invali- 
date. It is surely as justifiable to assume an individ- 
ual blood pressure standard from which to draw 
comparisons as it is in similar contingencies to con- 
trast pulse rate and quality with only a surmised 
average. Blood pressure readings take rank in im- 
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portance with urine analysis and blood tests as 
diagnostic and prognostic aids, and should, therefore, 
be made a feature of routine examination. 

An inclusive account of blood pressure behavior 
in every acute disease would be not only tiresome 
but unremunerative. Only such isolated facts as 
long-tried clinical observation has proved to possess 
definite worth will, therefore, be mentioned. Low 
systolic and diastolic readings are so often the usual 
accompaniments of acute infections that they add 
little if anything. In general it is pulse pressure 
that demands critical consideration in this class of 
disease. A low, especially a steadily declining, pulse 
pressure is a clear indication, perhaps the earliest 
sign, of failing circulation, and vice versa. More 
specifically, diphtheria is characterized by an unusually 
low systolic pressure except in laryngeal cases where 
the element of asphyxia serves to bring about higher 
systolic readings. An even further drop in systolic 
level signifies, usually some hours before any other 
sign, dreaded myocardial development. In scarlet 
fever a rise of systolic pressure means almost in- 
variably renal involvement, and the rise may fre- 
quently antedate the other usual signs of nephritis 
by as much as twenty-four hours. Epidemic cerebro- 
spinal meningitis is the exception to the general rule 
of low tension in acute infections; for in common 
with other cerebral affections it is accompanied by 
elevated systolic pressure. In this exception there 
is found a helpful point in differential diagnosis: 
with meningeal symptoms low systolic pressure 
favors not meningitis, but simple meningeal irri- 
tation. 
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Had all the acute infections been favored with the 
intensive study of blood pressure that has been 
bestowed on pneumonia and typhoid fever, perhaps 
equally lucrative aids would have been forthcoming. 
In the former, outside the light thrown on the general 
state of the circulation, blood pressure findings are 
chiefly of prognostic value. With a healthy heart 
vaso-motor paralysis is the commonest cause of 
death in pneumonia, and its first manifestation is a 
falling systolic pressure with a rising pulse rate. 
According to Gibson, therefore, when systolic pres- 
sure measured in millimeters of mercury does not 
fall below the pulse rate per minute, the augury is 
excellent and vice versa. This purely empirical 
statement is probably too inflexible and too dog- 
matic for general acceptance. Blood pressure at 
any given moment is the end result of a combination 
of variable factors that unite to determine it. Yet 
on the whole Gibson's blood pressure-pulse rate ratio 
rule is a tolerably good working axiom, abundantly 
justified in spirit. Non-conforming cases "are those 
in which pulse rate and systolic pressure, indepen- 
dently of the pneumonia, are out of proper relation. 
Obviously, such cases may die in spite of a proper 
relation of systolic pressure and pulse rate, or get 
well in the face of an improper one; for such individ- 
uals have harmonized their blood pressure-pulse rate 
ratio through an adjustment that while abnormal is, 
nevertheless, the only one compatible with that 
individual's existence. Another recalcitrant group 
is made up of young persons, anemic and emaciated, 
whose systems, accommodated to an inefficient cardio- 
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vascular regime, cling tenaciously to life. These 
cases recover in spite of a pulse rate perhaps con- 
siderably higher than systolic pressure. All clear 
tapping sounds, in any of the auscultatory phases, 
are in pneumonia good omens and vice versa. When 
the normal clear taps are lost and the sequence unrolls 
as a succession of dull muffled sounds from systole 
downwards, a high grade of peripheral relaxation 
and secondary cardiac exhaustion can be inferred. 
As the second phase is most quickly lost in pneu- 
monia, its presence is in itself a good augury. 

While typhoid fever is characterized by a low 
systolic pressure that sinks with the degree of 
toxaemia and rises with the establishment of con- 
valescence, blood pressure readings were of little 
clinical significance until they were tabulated in 
reference to the complications of hemorrhage and 
perforation. A rapid further fall of systolic pressure 
indicates hemorrhage and the extent of the fall 
roughly measures the amount of blood lost. Just 
as this fall is the earliest sign of bleeding, so is a rise 
of systolic pressure the first signal of perforation. 
More or less sudden hypertension precedes actual 
perforation by perhaps several hours, because of 
precursory peritoneal irritation that reflexly raises 
systolic pressure. Hypotension does not, however, 
rule out perforation, but hypertension is certainly 
a more constant and reliable criterion than is the 
notoriously uncertain white count. The immediate 
rise of systolic pressure with perforation and peri- 
tonitis is generally followed by a fall as toxaemia 
becomes more profound. Hemorrhage, on the other 
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hand, even with pain, never shows a primary rise, 
a negation of not inconsiderable value in the oft- 
times puzzling differential diagnosis between those 
two serious conditions. 

If the assertion of mere academic interest that 
Addison's disease is characterized by the lowest 
blood pressures recorded is summarily dispatched, 
tension studies have as yet unearthed nothing of 
value in chronic infections except in tuberculosis. 
The whole question of blood pressure in that disease 
is usually rather hastily dismissed with the dogmatic 
statement that it tends toward hypotension. Low 
readings in tuberculosis are certainly marked and 
constant in advanced cases, present in moderate, 
and frequent enough in early and doubtful instances 
to warrant their dependence as valuable signs to 
be sought for as carefully as pulmonary changes. 
Blood pressure, however, bears no relation what- 
soever to the degree of involvement, but a close 
relation does exist between degree of toxaemia 
and blood pressure. In uncomplicated tubercular 
infection systolic pressure falls while diastolic remains 
stationary or shows a rise, so that a low systolic 
reading with a low pulse pressure always offers the 
suggestion of tuberculosis. Even a persistently low 
systolic pressure in individuals or families is indica- 
tive of the likelihood of tubercular infection. Hypo- 
tension with renal symptoms suggests a tubercular 
kidney. Systolic pressure falls as the process ad- 
vances and vice versa; continued hypotension, even 
in the presence of apparent improvement, spells 
disillusionment. Occasional short periods of plus 
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systolic tension have been observed to precede hemor- 
rhage, but with a fleeting uncertainty that nega- 
tives their suggestiveness. A drop of 6 mm. or more 
in systolic pressure after the rest period following 
exercise, or a marked drop immediately on returning 
from exercise, makes the prognosis less favorable. 
The insufficiently confirmed assertion that in tuber- 
culosis high altitudes raise blood pressure has been not 
inculpably used to boom certain resorts for the 
treatment of consumption. 

Taking it for all in all, however, it is not until 
attention is directed to chronic degenerative diseases 
of middle life and old age that blood pressure always 
takes rank as a cardinal sign, or, which is not infre- 
quently true, as the dominating sign, of disorder. 
The hurly-burly of modern life with its inevitable 
and ever-increasing wear and tear on the human 
organism is steadily raising these disorders to a plane 
where no item that aids the solution of the complex 
problem they present is too trivial. As a matter of 
fact, sphygmomanometry has done more than any 
other recent accession to clear the atmosphere that 
surrounds certain degenerative changes and bring 
them one step nearer a rational solution. Sphyg- 
momanometry, however, is by no means the last 
word. The countless articles that daily deluge cur- 
rent medical literature bear voluble witness to the 
still unsettled conclusions to be drawn from blood 
pressure observations. Abnormal blood pressure, 
especially hypertension, often, however, furnishes 
the one important clue that directs attention to an 
altogether unsuspected complication. When found 
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it aids greatly in explaining certain phenomena con- 
nected with the heart, blood vessels, and kidneys. 
And yet for a large proportion of individuals the 
disease of which a plus systolic pressure is the pre- 
dominating sign cannot be looked upon as materially 
shortening life, but rather as an incident of growing 
old. Neither the clinical studies of a century, nor 
the experimental investigations of fifty years, have 
succeeded in elucidating the real cause of high blood 
pressure; nor have the anatomical researches of 
pathologists resulted in any unanimity of opinion 
about the relationship of the underlying lesions to 
one another or to the disease picture. The diverse 
classifications of disorders characterized by hyper- 
tension are fatally beset with hidden traps and but 
reflect the ingenious fancies of their respective 
authors. One makes a diagnosis of chronic kidney 
disease; another, of arteriosclerosis; and a third, of 
merely hypertension. The tendency is, however, to 
return to the old idea that plus tension is primarily 
disease of the small arterioles, and to regard chronic 
nephritis, arteriosclerosis, and hypertension as a cir- 
culatory trinity perhaps best grouped for the present 
under the comprehensive title, hypertensive cardio- 
vascular disease. 

It is beyond question that in this triad heightened 
blood pressure is at least the primary, though unsus- 
pected, sign of disorder. It is also undisputed that 
one cause of hypertension is increased peripheral 
resistance from thickened or narrowed arterioles, or 
both. On the other hand, it is just as generally 
accepted that vessels exposed to plus tension sooner 
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or later become thickened or narrowed or both. 
Which is cause and which is effect is still a much 
mooted point. The dispute that now rages over the 
question of priority and mutual interdependence be- 
tween arteriosclerosis and hypertension is merely the 
quibbling of minds argumentatively inclined. The 
net result of the briefs of both sides is a tacit admis- 
sion that the primary etiological factor is still hidden, 
and that until it is discovered it is futile to attempt a 
final alignmentof hypertensive diseases. Withoutgo- 
ing at all into the merits of the arguments, or in the 
least presuming to render a final verdict, it may be 
truthfully said, that with present knowledge the 
tendency seems to be that hypertension is a more 
plausible cause than effect; and that without further 
study and experimentation it is extremely hazardous 
to venture a more dogmatic statement. Possibly 
the location, degree, and extent of vessel sclerosis 
has more to do with the problem than has yet been 
demonstrated; further work along these lines may 
prove illuminating. 

Be the truth of the matter as it may, there does 
precede the distinguishable pathological changes of 
hypertensive cardio-vascular disease an undeter- 
mined period of unsuspected, unfelt, symptomless 
hypertension. It must, however, be borne con- 
stantly in mind that the hypertension is here called 
primary only because it is the earliest sign for which 
there is a means of detection. Some other sign may 
any day rightfully claim priority. This so-called 
essential arterial hypertension, or hyperpiesis, is a very 
limited condition, transitory in character, and of 
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variable duration. In the vast majority of instances 
it is without other signs or subjective symptoms. 
It is itself not a cause, but an effect; not illness, but 
merely evidence of it; not pathological in mean- 
ing, but rather a physiological, mechanical adjust- 
ment to an unknown diseased condition; not a true, 
but a sphygmomanometric disease, frequently a com- 
pensating process and to a certain extent, therefore, 
life-saving. The diagnosis is extremely difficult, 
though it is a distinct entity for all its dubious 
etiology, always potentially harmful, a subtle state 
lurking where least suspected. The systolic pressure 
must be at least 140; a reading above 180 practically 
excludes in favor of more serious disorders. It is 
always a sign of beginning though hidden patholog- 
ical changes, a warning signal that some alteration 
in daily life must occur in order to avoid inevitable 
cardio-vascular renal disease; for pressure need not 
be greatly increased in order to injure the heart and 
to provoke permanent damage in the vessels and 
kidney. Occasional early symptoms may simulate 
almost any disease and be nearly everything from 
fleeting dizziness to gangrene of the extremities. A 
slightly plus systolic tension is occasionally the true 
explanation of such vague symptoms as fullness in 
the head, cold extremities, disturbed sleep, flatulence, 
constipation, mental laziness, loss of resistance, and 
exhaustion. An apparently idiopathic bronchitis 
may sometimes also be explained by the demon- 
stration of a plus tension. As a rule, however, 
essential arterial hypertension is unfortunately rarely 
discovered except in routine or life insurance exam- 
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illations. Yet its early detection is of such vital 
importance for future welfare, such an unmistakable 
signal of- impending danger, that failure to take 
blood pressure readings in all patients of at least 
middle age and beyond may almost be called crim- 
inal negligence. Simple hypertension may be tem- 
porary, but is usually progressive. Without the 
sphygmomanometer many cases of essential arterial 
hypertension will inevitably be overlooked, as in 
many instances not an hypertrophied heart, not an 
accentuated aortic second sound, and not a pulse 
that is tense will be found. If simple hypertension 
could be recognized long before symptoms appear, 
men would not only live longer, but die more com- 
fortably, and very likely of disease unrelated to the 
vascular system. 

The best that sphygmomanometry has to offer 
has been woefully disregarded and ignored when 
essential arterial hypertension has been allowed to 
persist unrecognized or uncontrolled. The transi- 
tion into hypertensive cardio-vascular disease of one 
form or another is always possible, most insidious, 
and cannot with any degree of certainty be negatived. 
Nor can blood pressure readings nor any other means 
anticipate the form of disease that will supervene. 
In many cases the process seems to expend its ener- 
gies principally on vessel destruction, in others on 
renal impairment, in some on both. In any event 
systolic pressure rises and the height of the reading 
helps in no small way to determine the seat of greatest 
involvement. Uncomplicated arteriosclerosis rarely 
shows a sustained systolic pressure of 180 or over, 
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with one exception. A persistent pressure over 180, 
with normal urinary findings, should always direct 
attention to the state of the great splanchnic vessels, 
whose liability to arteriosclerosis is second only to 
that of the aorta and coronaries. Arteriosclerosis 
of the splanchnic area always causes high systolic 
pressure. It is a comparatively rare affection, how- 
ever, the diagnosis of which is difficult and is to be 
made only by rigid exclusion unless unexplained 
gastro-intestinal symptoms or anginal abdominal 
attacks afford a reasonable clue. Visceral arterio- 
sclerosis may simulate gastric ulcer even to hemor- 
rhage; a plus tension would suggest a possible cause 
for the failure of ulcer treatment, and when treated 
may relieve the abdominal symptoms. 

Both systolic and diastolic pressures are high in 
acute, chronic parenchymatous, and chronic inter- 
stitial, nephritis, and in uraemia. The rise, too, 
comes long before other changes and constitutes a 
reliable and early sign of nephritis in some form ; in 
the interstitial variety, probably the most promi- 
nent and characteristic sign. Whether or not, how- 
ever, every case of persistently high tension is pro- 
duced by an underlying nephritis cannot be arbi- 
trarily dismissed in the affirmative, but with a sus- 
tained systolic pressure of 200 or more the renal 
factor is more and more apparent and less weight 
is attached to general arterial change. Normal 
urinary findings do not exclude even serious renal 
involvement, for permeability of the kidney to albu- 
min ia accomplished by high blood pressure. It is, 
therefore, a safe assertion that with a high, especially 
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with an inveterately high, tension some form of 
nephritis is constantly present and causes the hyper- 
tension; with lesser degrees of pressure kidney change 
is less extensive, merely less readily detected but 
is nevertheless there. Normal blood pressure even 
with albumin in the urine places the latter in a class 
with minor and not serious affections. In other 
words albumin and casts can now be properly valued 
through the agency of the sphygmomanometer. 
Cases of high tension, therefore, with and without 
albumin form two clinical groups which differ in 
severity of symptoms, complications, and prognosis. 
A plus tension, however, from any cause cannot per- 
sist over a long period of time without giving rise 
to renal changes, though a secondary arterio- 
sclerotic kidney is generally of less import than is a 
primary chronically contracted one. In either case, 
however, a sudden further rise of systolic pressure 
often gives warning of uraemia. 

Wherever it occurs high blood pressure is, then, 
from the viewpoint of disease only a symptom, 
though perforce an important one. From a different 
aspect, however, it has another attribute of perhaps 
even greater significance. In many instances high 
blood pressure spells safety, for nature is through its 
agency maintaining the integrity of the circulation 
in spite of obstacles. In this light plus tension is 
a part of the mechanism for compensating visceral 
deficiency and is not, therefore, to be interfered with 
lightly or ill-advisedly. Just as there may be over- 
compensation in patients who would be better off 
with lower pressure, there are also cases showing 
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signs of failing circulation with only moderately 
high pressure, further reduction of which makes 
matters worse. Whether, therefore, in any indi- 
vidual tension is over- or under-compensating is a 
vital matter, but very hard to establish. Plus ten- 
sion when permanent creates a new physiological 
limit, not 140, nor necessarily 180, but perhaps 200, 
to be discovered with difficulty, but marking the 
individual's lower limit of safety. Into the puzzling 
dilemma the sphygmomanometer steps with great 
promise. It is to be taken for granted, however, 
that the case is one of hypertensive cardio-vascular 
disease; otherwise what follows does not always 
hold. Diastolic pressure controls the situation. In 
these cases diastolic pressure is always high irrespec- 
tive of systolic, and in the course of the ailment 
fluctuates comparatively little. In fact, the diag- 
nosis of the syndrome does not hold without a plus 
diastolic reading. Therefore, when for any reason 
equilibrium fails a high pulse pressure signifies over- 
compensation, and a low pulse pressure, under- 
compensation. 

It has long been recognized that in nephritis the 
heart, more especially the myocardium, controls the 
outcome of the disease. Of recent years this fact 
has been safely extended until it is now equally true 
of all forms of hypertensive cardio-vascular disease. 
Because it measures myocardial efficiency extremely 
well, the sphygmomanometer is here endowed with 
brilliant prophetic significance. In general, how- 
ever, the prognosis of hypertensive disease, beyond 
that promulgated from myocardial efficiency, is 
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distinctly perilous, though in certain particulars it 
is safely tenable. All cases of hypertensive disease 
are exposed to such cerebral menaces as vertigo and 
headaches and liable to apoplectic cerebral acci- 
dents. Even though subjective symptoms abate, if 
tension remains high, prognosis is not good. On 
the other hand, if tension falls as symptoms abate, 
such cases tend to remain stationary while they 
observe proper hygiene. As long as the patholog- 
ically normal tension is maintained, cases may live in 
comparative comfort for four, five years, or longer. 
Where hypertension exists with but little or no 
recognizably disturbed function of other organs, the 
outlook is most favorable; where it is associated with 
marked disturbance of any other one organ, it is 
more serious; and where it is accompanied by great 
deficiency of several organs, heart, kidney, liver, the 
prognosis is most serious. Any fall in systolic or 
pulse pressure is a bad omen; a gradually ascending 
diastolic is even more serious. Because of myo- 
carditis or cardiac dilatation resulting from con- 
tinued plus tension, a previous high pressure becom- 
ing normal or low is of serious import, for the heart 
is unable to sustain the compensatory and salutary 
pressure. Heart failure may, however, occur on a 
falling, sustained, or rising systolic pressure, with 
the element of peripheral resistance much in evidence, 
as shown by a high diastolic reading. Moderately 
elevated systolic and pulse pressures with stationary 
physical signs and subjective symptoms usually 
mean, other things being equal, fairly adequate 
renal function. Conversely, falling systolic and 



>vGoog[e 



DIAGNOSIS AND PROGNOSIS OF DISEASE. 43 

pulse pressures are a warning of renal inadequacy 
and all it implies. 

The mortality in hypertensive cardio-vascular 
disease cannot be predicated on height of the blood 
pressure alone. The results of the process entail 
danger from the point of view of the heart, of the 
arteries, especially the cerebral, and of eventual 
kidney atrophy below the factor of safety for the 
human kidney. A systolic pressure sustained above 
200 raises a certain presumption in favor of death 
by uraemia or apoplexy, especially if accompanied 
by a relatively high or higher diastolic pressure; and 
such a case with demonstrable renal involvement is 
unlikely to live beyond the two-year limit. A 
medium high tension favors death by myocardial 
insufficiency. On analysis death in this type of 
disease occurs in the following ways, arranged in the 
order of frequency: first, by gradual cardiac insuffi- 
ciency; second, with uraemic symptoms; third, by 
apoplexy; fourth, from some complicating acute 
infection; fifth, in an attack of angina pectoris; sixth, 
from purely accidental and unrelated causes; seventh, 
in a paroxysm of acute pulmonary edema; and eighth, 
after the manner of cachexia. The early occurrence 
of symptoms of myocardial weakness, especially 
dyspnoea, indicates a more than 50% probability 
of eventual death by cardiac insufficiency. The 
exact height of blood pressure, however, does not seem 
to have much bearing on the expectancy of life; but 
the average duration of the lives of patients after 
the onset of subjective symptoms associated with 
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hypertension seems to be four years for men and 
five for women. 

Probably because of its comparatively insignifi- 
cant nature low blood pressure or hypotension has 
been less studied and is less understood than its over- 
shadowing opposite, hypertension. A persistent sys- 
tolic reading of 105, or diastolic of 60, in an adult 
means hypotension. The lowest systolic pressure 
compatible with life is 45. Low pressure is present 
because of primary weakness of the heart and relax- 
ing effect of general disease; also in all instances in 
which the pressure-maintaining mechanism is debili- 
tated or has failed. It is often enough a conservative 
condition meaning that the circulatory system in 
general is in a state of repose during which it is 
recovering from the effects of disease or the shock 
of accident. 

It is, however, not absolute but relative hypoten- 
sion, or secondary hypotension, that is most worthy 
of attention. It consists of a fall below the com- 
pensatory point in those who have lived long with 
a high pressure that is necessary for the mainte- 
nance of circulatory equilibrium. The readings may 
be 20 to 30 mm. above that of the average and yet 
may also be 20 to 30 mm. below the customary and 
probably essential pressure of the person under ob- 
servation. It is often the secondary low pressure 
that causes the symptoms that bring the sufferer to 
his physician. To determine the constitutional de- 
mand of any individual for blood pressure requires 
often weeks and even months of study under varying 
conditions. The persistent demand for plus tension 
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when the circulatory organs are no longer able to 
afford it is of sinister significance. It must not be 
forgotten, however, that the relaxing influence of 
neurasthenia extends to the median coats of the 
blood vessels, and that neurasthenia with its low 
pressure may mean, therefore, only a temporary 
remission of a high pressure which, when restored, 
removes the neurasthenia. 

By exclusion of all other causes there remains 
constitutional low arterial tension which comprises 
a small number of cases, mostly among children, who 
show no signs of recognizable disease but complain 
of cold feet, depression, constipation, skin disorders, 
catarrhal affections, and nervous derangements. 
They present merely a small, weak pulse, a tendency 
to faint easily, and low tension. There is apparently 
some defect in the peripheral circulation due to 
vasomotor relaxation which fails to produce the 
back pressure necessary for blood tension. The 
blood circulates easily though badly. The disorder 
probably has its origin in the nervous system, though 
the symptoms are circulatory. Such cases thrive 
on active exercise, indeed on every mental and 
physical activity that stimulates the circulation. 
The prompt response to exercise differentiates the 
condition from cardiac types. 

Blood pressure studies of cranial affections, sur- 
gical as well as medical, are both interesting and 
illuminating. The fact that intra-cranial pressure 
is always accompanied by plus arterial tension would 
seem at first sight to eliminate any possible diagnos- 
tic value of blood pressure readings. This, however, 
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is not invariably true. The height of the blood pres- 
sure reading, for example, measures directly the 
degree of intra-cranial tension. A systolic pressure 
of 200 or more means dangerous compression; a 
further steady climb foretells encroachment of 
cerebral pressure on the medulla, usually the result 
of repeated or spreading intra-cranial hemorrhage. 
In a patient unconscious from a cerebral condition, 
hypertension rules out concussion, embolus, and 
slow growing tumors, in all of which hypotension 
is the rule. The ophthalmic surgeon has learned 
from sphygmomanometry not to operate on glau- 
coma and cataract without first trying at least to 
reduce the plus tension that usually coexists, in 
order to avoid post-operative intra-ocular hemor- 
rhage. Likewise the discovery of hypertension in 
any case of periodic hemicrania furnishes reasonable 
ground for reducing tension with the hope and pur- 
pose of cure. 

In derangements of the mental state the sphyg- 
momanometer is well worth a trial. In active men 
approaching middle life a symptom complex, com- 
prising irritability, lack of concentration, a feeling 
of lost confidence, sleeplessness, and general fatigue, 
a combination of symptoms often occurring in true 
neurasthenia, may well be due to the insidious 
development of hypertension. The discovery of 
a plus tension is often the only sign by which the 
differential diagnosis is accomplished. Likewise, 
hypertension in patients past middle life complain- 
ing of unusual weariness, neuralgic or muscular 
pains, makes the diagnosis of neurasthenia improb- 
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able. Psychogenic rise of pressure affects chiefly 
the systolic level; mental states do not seem to 
influence the diastolic. 

Blood pressure readings will warn the surgeon of 
danger before ominous changes in pulse and respira- 
tion can be detected. A systolic pressure of 100 
mm. or less should arbitrarily put an immediate stop 
to any but desperate life-saving operations. This 
limit of 100 is becoming more and more firmly 
established as a good surgical axiom; for any adult 
with a systolic pressure of less than 100 has a small 
circulatory margin of safety that is liable to make a 
grave surgical operation a surgical disaster. On 
the other hand, high systolic pressure subjects from 
any cause with urinary findings that indicate intact 
kidneys or kidneys at least but little diseased, with 
unchanged superficial and retinal arteries, and with 
competent hearts, stand operation much better than 
the height of systolic pressure would suggest. Pro- 
vided their systolic pressures are high, arterio- 
sclerotics with competent hearts likewise do well in 
surgery. 

As in most other instances, however, so it is in 
surgery: it is not systolic but diastolic and more 
especially pulse pressures that are of value. A fall- 
ing pulse pressure, whether due to rising diastolic 
or falling systolic or both is the first ominous warning 
of shock. In critical surgical procedures, even in 
the face of obvious shock or hemorrhage, if pulse 
pressure holds its own in spite even of falling systolic 
pressure, the heart is acting strongly and striving 
to supply the periphery with blood. Falling pulse 
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pressure from a falling systolic gives warning of 
cardiac dilatation; from a rising diastolic, peripheral 
stagnation of blood through vasomotor exhaustion; 
simultaneously from falling systolic and rising dias- 
tolic, widespread circulatory disruption. 

Systolic pressure may vary safely within com- 
paratively wide limits in hemorrhage, but a minimal 
diastolic pressure of 50 mm. is the lowest at which 
the heart is able to keep blood circulating. The 
slightest movement or other cause inducing even a 
transient reduction below 50 may very probably 
arrest the circulation permanently. Continuance of 
hemorrhage is denoted by progressive decrease in 
pulse pressure. When the latter has grown too 
small to cause a tactilely perceptible pulse, the 
oscillations of the sphygmomanometer will still regis- 
ter movements in the vessel. 

Blood pressure study of anaesthetics has been very 
enlightening. The ability to withstand anaesthesia 
depends on the power of the cardio-vascular system 
to maintain blood pressure. All anaesthetics, per 
se, lower tension. The extent and nature of the 
depression measure to a considerable degree the rela- 
tive dangers of anaesthetics. Chloroform lowers all 
the components of blood pressure from the start, and 
is, therefore, contra-indicated in hypotension. Ether 
raises arterial tension at the start and tends to main- 
tain it slightly elevated unless carried too long or 
pushed too deep. Nitrous oxide, because of its 
asphyxiating tendency, raises tension unduly and is, 
therefore, contra-indicated in hypertensive subjects. 
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The sphygmomanometer has, then, further confirmed 
ether as the safest anaesthetic for general use. 

Information derived from the sphygmomanometer 
gives in many instances surprising assistance in the 
solution of clinical problems. Among specialists, 
the obstetricians have learned to place great depen- 
dence on it because of the grave significance of plus 
tension in pregnancy. The factors of safety in preg- 
nant women cannot be large, else the sudden explo- 
sions of eclamptic attacks would not occur. By 
indicating early departures from the normal meta- 
bolism of pregnancy blood pressure outranks urin- 
alysis, and taken as a single sign acquires its greatest 
significance. 

Systolic pressure in normal women averages 112; 
in pregnancy, 118, except during the last month, 
when it is 124. In the second stage of labor the 
normal rise in systolic pressure should not exceed 
150. After parturition tension falls. 

Low blood pressure in pregnancy is about four 
fifths as common as high pressure. While an 
occasional low reading may be obtained in any preg- 
nant woman, a persistent pressure of 100 or less occurs 
in only about 4% of cases. This tendency to low 
pressure is apparently an individual peculiarity and 
does not seem to be followed necessarily by a poor 
reaction to labor. Undue exhaustion, collapse, or 
shock following parturition presupposes a certain 
instability of vasomotor equilibrium; but that it may 
be foretold during pregnancy by low pressure read- 
ings is not borne out. 
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A continued rise of systolic pressure, on the 
other hand, at any period of gestation is not only 
definitely pathological, but distinctly prophetic of 
toxaemia. A persistent systolic reading of 130 must 
be held as the upper limit of safety; 150 as the danger 
mark. Plus tension very often precedes albuminuria 
as a sign of toxaemia, which would indicate that a 
rise of blood pressure is apt to be followed by albu- 
min in the urine, a sequence which really does obtain 
twice as often as the reverse. Conversely, albumin 
is found three times as often in high tension cases as 
in normal or low-pressure subjects. It would seem, 
therefore, that as long as blood pressure remains 
normal, slight traces of albumin appear to be negli- 
gible findings. 

Elevated blood pressure is more commonly an 
index of toxaemia than is albuminuria, and especially 
in the young it is apt to be an earlier sign. The 
degree of elevation, moreover, points more surely 
to the likelihood of toxaemia than does the degree of 
albuminuria. A systolic pressure of 125 to 135 
charges careful watching and moderate eliminative 
treatment; up to 150 calls for active treatment; 
persistently over 150 and steadily rising in spite of 
drastic measures speaks for the induction of labor. 
Even though it never reaches the arbitrary danger 
point, a progressively rising blood pressure perhaps 
from a low level must be regarded with special appre- 
hension as the most valuable sign of approaching 
toxaemia. While a systolic pressure of 125 in the 
early months of gestation indicates toxaemia, a 
rapid fulminating toxaemia may exist with low pres- 
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sure. Toxaemia with pernicious vomiting is like- 
wise accompanied by low systolic pressure, because 
the culpable toxines have a greater effect on the 
vomiting center than on the vasomotor. 

A systolic pressure of 180 mm. or over is significant 
of eclampsia even in the absence of albuminuria. 
If, in spite of improvement in subjective symptoms, 
and in spite of an increase in urinary output, systolic 
readings remain high, prognosis is bad. A per- 
sistent high tension invariably means a crisis. After 
forcible delivery in eclampsia a continuance of plus 
tension warrants a grave prognosis as to complete 
recovery. That blood pressures, are, however, not 
absolute criteria of a toxic state is sufficiently well 
emphasized by the occurrence, though rarely, of 
tumultuous eclampsia with a low tension. This 
dire discrepancy, though, is perhaps best regarded as 
the exception that proves the general rule: eclampsia 
is much more common with a systolic pressure above 
150 than it is below. 

Because it detects beginning pathology in the 
cardio- vascular system before any other method, 
sphygmomanometry has proved to be invaluable in 
life insurance examinations. The character of the 
pulse and the feel of the radial artery do not always 
portray the actual state of the arterial tree as a whole. 
A soft, compressible radial is not by any means in- 
compatible with aortic or splanchnic sclerosis, con- 
ditions often betrayed only by the height of blood 
pressure. Perhaps with what has gone before, the 
blood pressure question in life insurance work is 
best answered briefly in the terse statement that 
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35% of the cases rejected for high tension alone 
later proved to have serious ailments which were 
good basis for rejection. 

Although arterial pressure has dominated the inter- 
est of clinicians it is comprehensible that it is but one 
of many factors involved in blood pressure phenom- 
ena. The more the subject is studied the more 
frequently are met unanswerable questions and 
baffling inconsistencies. It scarcely seems possible 
that rational explanations can follow further con- 
sideration of now pretty well understood arterial 
tension. It is more than likely, on the other hand, 
that enlightenment is to be sought either in the 
tension of the capillaries, the real seat of life, or, what 
is more probable, in venous pressure. The role of 
the veins in the circulatory system was formerly 
looked upon as essentially passive. That any rise 
of arterial pressure is followed by a fall in venous 
tension and vice versa is now known to be erroneous. 
There have been discovered and demonstrated in the 
walls of some veins nerve fibers that seem to carry 
dilator and constrictor impulses. Venous pressure 
has already been taken and studied experimentally, 
but for clinical work the instruments are too cumber- 
some and impractical. Nevertheless, it is already 
pretty well established that normal venous pressure 
is from 40 to 80 mm. of water; that the normal 
upper limit is about 100; and that the veins have the 
power to maintain their normal pressure within wide 
limits. Venous pressure is normally sufficient to 
permit of rapid dilatation of the heart's ventricles. 
As long as peripheral resistance is not increased up 



>vGoog[e 



DIAGNOSIS AND PROGNOSIS OF DISEASE. 53 

to a point at which the left heart is overpowered, 
there is a compensating decrease in venous pressure. 
With peripheral dilatation, however, there is apt to 
be venous hypertension which interferes with the 
heart's activity. Until a Riva-Rocci or a Hill comes 
forward with a practical instrument for the clinical 
measurement of venous pressure, notable contribu- 
tions to blood pressure phenomena are unlikely. 

The velocity and volume of the blood stream are 
other neglected factors. Very little is known con- 
cerning the profound influences these agents must 
exert. Systolic and diastolic pressures may be 
within normal limits and still the mass movement 
of blood be much impaired. So much, however, 
has been accomplished even within the last generation, 
that infinitely more can be confidently expected. 
Future discoveries, too, promise to have eminently 
practical bearings; for even now, generally speaking, 
the only safe procedure for the individual of forty 
years is to have pressure examinations made every 
three months, and from sixty years of age and up- 
ward, every month. Thus only, in a vast majority 
of instances, will a beginning dangerously high ten- 
sion with all it holds in store be detected and con- 
trolled. 
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